Abstract. This study compared two types of controlled internal drug release (CIDR)-based timed artificial insemination (TAI) protocol for treatment of repeat breeder dairy cows. In the first trial of the experiment, 55 repeat breeder cows were randomly assigned to the following two treatments. (1) In the EB group, a CIDR device was inserted into the cows, and then the cows were administered an injection of 1 mg estradiol benzoate (EB) plus 50 mg progesterone (P4; Day 0). On Day 7, they were given an injection of PGF2α and the CIDR device was removed. The cows were given an injection of 1 mg EB on Day 8 and were subjected to TAI 30 h later (n=27). (2) In the gonadotrophin releasing hormone (GnRH) group, a CIDR device was inserted into the cows, and then the cows were administered an injection of 250 µg gonadorelin (GnRH; Day 0). On Day 7, they were given an injection of PGF2α and the CIDR device was removed. The cows were given an injection of 250 µg GnRH on Day 9 and were subjected to TAI 17 h later (n=28). In the second trial, 41 repeat breeder cows that were confirmed as not pregnant in the first trial were randomly assigned to the same two treatments used in the first trial (an EB group of 20 cows and a GnRH group of 21 cows). The ovaries of 15 cows from each group were examined by transrectal ultrasonography in order to observe the changes in ovarian structures, and blood samples were collected for analysis of serum P4 concentrations. The pregnancy rates following TAI in the first (18.5 vs. 32.1%) and second (40.0 vs. 38.1%) trials and the combined rates (27.7 vs. 34.7%) did not differ between the EB and GnRH groups. The proportions of cows with follicular wave emergence within 7 days did not differ between the EB (12/15) and GnRH groups (13/15). The interval to wave emergence was shorter (P<0.01) in the GnRH group than in the EB group, but there was no difference in the mean diameters of dominant follicles on Day 7 between the groups. Moreover, the proportions of cows with synchronized ovulation following a second EB or GnRH treatment did not differ between the groups. In conclusion, treatment with either EB or GnRH in a CIDR-based TAI protocol results in synchronous follicular wave emergence, follicular development, synchronous ovulation, and similar pregnancy rates for TAI in repeat breeder cows. Key words: Controlled internal drug release (CIDR), Estradiol benzoate, Gonadotrophin releasing hormone (GnRH), Pregnancy rate, Repeat breeder dairy cows (J. Reprod. Dev. 53: [639][640][641][642][643][644][645] 2007) ncreased milk production in dairy cows induced by continuous genetic manipulation, improved nutritional management, and larger herd size is associated with decreased fertility [1] [2] [3] .
Repeat breeding is an important cause of decreased fertility and results in severe economic losses due to increased breeding number (wasted semen and insemination costs), an extended calving interval, and increased culling incidence and veterinary services for dairy cattle [4] . Ten to 24% of reproductive cows on dairy farms are repeat breeders [4, 5] . Some of the diverse causes of infertility associated with repeat breeding include reproductive tract abnormality, estrous detection errors, anovulation, endocrine dysfunction, fertilization failure, and embryonic mortality [6] [7] [8] [9] [10] [11] [12] [13] [14] . Therefore, various treatments have been used to improve conception rates for repeat breeders. These include gonadotrophin releasing hormone (GnRH) or human chorionic gonadotrophin (hCG) administration at the time of insemination [15] [16] [17] , multiple artificial inseminations during estrus [18] , insulin treatment prior to prostaglandin F 2α (PGF 2α) injection for estrous induction [19] , and postinsemination supplementation with a progesterone releasing intravagin al device (PRID ) [11] . However, these treatments have only been somewhat successful.
Timed artificial insemination (TAI) protocols such as Ovsynch, which is composed of GnRH, PGF 2α , and GnRH injections, and progesterone (P4)/progestogen-based regimens have been successfully used in the past to enhance the fertility of normal estrous and anestrus cows and cows with ovarian cysts [20] [21] [22] [23] [24] [25] . These TAI protocols induce a new follicular wave, timely follicular development, and synchronous ovulation, resulting in acceptable pregnancy rates. Similarly, a recent report demonstrated that the Ovsynch protocol results in a conception rate of 21% in repeat breeder dairy cows [26] . However, the efficacy of P4-based TAI protocols remains undetermined in repeat breeder cows. In P4-based regimens, induction of a new follicular wave is necessary in order to prevent development of a persistent follicle. Thus, exogenous treatments with estrogen (and P4) or GnRH have been most commonly used to induce synchronous wave emergence [22] . Injection of estradiol (and P4) or GnRH in the melengestrol acetate (MGA)-based TAI protocol for beef cattle is followed by emergence of a new follicular wave. After injection of PGF 2α and removal of the MGA, the second injection of estradiol or GnRH results in acceptable pregnancy rates following TAI, although synchronous ovulation of the grown dominant follicles has not been demonstrated via ultrasonography [27] . We speculated that treatment with either estradiol benzoate (EB) or GnRH in a controlled internal drug release (CIDR)-based TAI protocol might induce timely ovulation of the preovulatory follicles following emergence of a new follicle under fine endocrine regulation during treatment, which might contribute to improved fertility in repeat breeder dairy cows. Therefore, we evaluated the effects of two types of CIDR-based TAI protocol, i.e., EB/P4+CIDR-PGF 2 α -EB and GnRH+CIDR-PGF 2 α -GnRH, on follicular wave emergence, follicular development, synchronous ovulation, serum P4 concentrations, and pregnancy rate in repeat breeder dairy cows.
Materials and Methods

Animals
This study was performed at the National Livestock Research Institute (Cheonan City, Chungnam, Korea). Fifty-five non-lactating repeat breeder Holstein-Friesian cows from the same herd were used for this study. The animals had no gross abnormalities of the reproductive tract as determined by rectal palpation and transvaginal ultrasonography (Sonoace 600 with a 7.5 MHz linear array transducer; Medison, Seoul, Korea). These repeat breeder cows had normal estrous cycles but failed to conceive after repeated inseminations (more than three times). The number of lactations, body condition score (BCS, point scale from 1 to 5; Edmonson et al. [28] ), postpartum interval, and number of previous inseminations (mean ± SEM) of the selected repeat breeders were 1.8 ± 0.1, 4.4 ± 0.1, 761.9 ± 90.7 and 7.2 ± 0.1, respectively. Therefore, the experimental cows in this study had a highly extended postpartum interval. All experiments were performed with the approval of the Animal Ethics Committee at the College of Veterinary Medicine, Chungbuk National University (Cheongju, Chungbuk, Korea). µg GnRH on Day 9, and TAI 17 h later (GnRH group, n=28). All hormone injections were intramusculally administered. Pregnancy diagnosis was determined at 45 to 60 days after TAI using both ultrasonography and rectal palpation. Pregnancy rate per TAI was defined as the percentage of cows confirmed to be pregnant in a single pregnancy diagnosis after one TAI.
First trial of the experiment
Second trial of the experiment
In the second trial of the experiment (April to June 2006; 31.7 (± 5.6) days after pregnancy diagnosis in the first trial), 41 repeat breeder cows that were confirmed as not pregnant in the first trial w e r e r a n d o m l y a s s i g n e d t o t h e s a m e t w o treatments used in the first trial (an EB group of 20 cows and a GnRH group of 21 cows).
The ovaries of subsets of cows from both groups (15 cows per group) were examined by transrectal ultrasonography in order to observe the changes in ovarian structures [follicles and corpora lutea (CL)]. This was conducted every 24 h from Days 0 to 8 and on Days 10 and 13 for the EB group and every 24 h from Days 0 to 9 and on Days 11 and 14 for the GnRH group. All visible follicles (antral diameter ≥4 mm) and CLs were measured and mapped individually for each cow. Dominant follicle of a wave was defined as the follicle reaching the largest diameter. Emergence of a new follicular wave was identified on the day that the dominant follicle was retrospectively identified to have a diameter of 4 to 5 mm [29] . The ovaries of the cows in the EB and GnRH groups were assessed via ultrasonography on Day 10 (53 h after the second EB injection) and on Day 11 (40 h after the injection of the second GnRH), respectively, to determine whether ovulation had occurred [30, 31] . Ovulation was di agnose d when the preovulatory follicle disappeared and was confirmed by the appearance of a new CL on Day 13 in the EB group and on Day 14 in the GnRH group.
Blood samples were collected from the tail veins of the cows in the above subsets (15 Finland) . The sensitivity of the assay was 0.25 ng/ ml. The intra-and inter-assay coefficients of variation for the serum P4 analyses were 8.7, 8.5, 6.7, 8.5, 11.5 and 9.6%, and 4.0, 5.4, 6.6, 6.9, 10.5 and 8.1% for the standard concentrations of 0, 0.31, 1.26, 3.14, 12.6 and 37.7 ng/ml, respectively. Recovery rates ranged between 87 and 97%. The serum P4 concentrations of the cows during spontaneous estrus were between 0.5 and 0.9 ng/ml, as measured by the present method (reference values).
Pregnancy was determined as in the first trial of the experiment.
Statistical analyses
Statistical analyses were performed using SAS [32] . The pregnancy rates following TAI in the first and second trials of the experiment and the combined pregnancy rates were compared between the groups using Chi-square analysis. Emergence of a new follicular wave within 7 days and synchronized ovulation following the second EB and GnRH injections were compared between the groups using Fisher's exact test. The interval from initial treatment to follicular wave emergence was analyzed using the Wilcoxon rank-sum test. The mean diameters of dominant follicles on Day 7 and mean serum P4 concentrations on Day 0 and on Days 7 to 9 were compared between the groups using the Student's t-test. A probability level of P<0.05 was considered significant.
Results
The pregnancy rates following TAI in the first (18.5 vs. 32.1%) and second (40.0 vs. 38.1%) trials of the experiment and the combined pregnancy rates (27.7 vs. 34.7%) did not differ (P>0.05) between the EB and GnRH groups, respectively (Fig. 1) . The mean serum P4 concentrations on Day 0 (10.0 ± 2.5 vs. 8.5 ± 1.1 ng/ml), Day 7 (9.1 ± 2.2 vs. 12.9 ± 1.8 ng/ml), Day 8 (3.2 ± 0.8 vs. 2.8 ± 0.4 ng/ml), and Day 9 (2.6 ± 0.6 vs. 2.6 ± 0.6) did not differ between the EB and GnRH groups, respectively (P>0.05).
The proportion of cows with follicular wave emergence within 7 days of the experiment did not differ (P>0.05) between the groups ( Table 1 ). The interval from initial treatment to wave emergence was shorter (P<0.01) in the GnRH group than in the EB group, but there was no difference in the mean diameters of the dominant follicles on Day 7 (P>0.05) between the groups (Table 1 ). The proportion of cows with synchronized ovulation did not differ (P>0.05) between the EB and GnRH groups (Table 1) .
Discussion
This study compared the effects of two types of CIDR-based TAI protocol, the EB/P4+CIDR-PGF 2α -EB and GnRH+CIDR-PGF22α-GnRH protocols, on follicular dynamics, serum P4 concentrations, and pregnancy rate in repeat breeder dairy cows with highly extended postpartum intervals. Treatment with either EB or GnRH in a CIDR-based TAI protocol results in synchronous follicular wave emergence, timely follicular development, synchronous ovulation following a second EB or GnRH, and similar pregnancy rates for TAI (27.7 vs. 34.7%).
The pregnancy rates in the first and second trials of the experiment and the combined rates did not differ between the EB and GnRH groups, with an overall pregnancy rate of 31.3%. The overall pregnancy rate was slightly higher than the results of Kasimanickam et al. [26] , who reported a 21.0% pregnancy rate following treatment with the Ovsynch protocol in repeat breeder dairy cows. We believe that fine regulation of folliculogenesis Values are means ± SEM. Rows with different superscripts differ significantly. a, b , P<0.01. * EB: CIDR+EB plus P4-PGF2α-EB protocol. GnRH: CIDR+GnRH-PGF2α-GnRH protocol. ** Synchronized ovulation: ovulation by 53 h after EB injection (Day 10) in the EB group and by 40 h after the GnRH injection (Day 11) in GnRH group. and synchronous ovulation resulting from the two types of CIDR-based TAI protocol effectively improves the fertility of repeat breeder cows, as demonstrated in the second trial of the present study. However, the overall pregnancy rate in the repeat breeder cows in this study was lower than the pregnancy rate (65.0%) recently reported in normal breeding dairy cows following treatment with the GnRH+CIDR-PGF 2α -GnRH TAI protocol [33] . The reason for this lower pregnancy rate in repeat breeder cows is unclear, but may be due in part to the suprabasal P4 concentrations during the estrus and periovulatory periods. In the present study, the mean serum P4 concentrations of the EB and GnRH groups 24 h (Day 8) and 48 h (Day 9) after PGF 2α injection were at suprabasal levels; however, in normal breeding cows, the mean serum P4 concentrations around the estrus and periovulatory periods following luteolysis during a CIDR-based TAI regimen were at basal levels [33] . S u p r a b a s a l P 4 c o n c e n t r a t i o n s m a y c a u s e incomplete maturation of preovulatory follicles and subsequent final development in an elevated P4 environment [34] . Båge et al. [9] reported that suprabasal P4 levels during estrus in repeat breeders could either be due to incomplete luteolysis or release from sources other than the ovary. The pregnancy rates reported in this study indicate that both types of CIDR-based TAI protocol are effective treatment regimens for repeat breeder dairy cows, particularly in cows with a highly extended postpartum interval. On the other hand, fine regulation of P4 levels during the estrus and periovulatory periods might be necessary to improve fertility in repeat breeder cows. We compared emergence of a new follicular wave, subsequent follicular development, and synchronized ovulation between the EB and GnRH groups, because we assumed that follicular turnover and timely ovulation might influence the pregnancy rate. Emergence of a new follicular wave occurred within 7 days of the experiment in 12/15 cows in the EB group and in 13/15 cows in the GnRH group in the present study. These findings are similar to those of Diskin et al. [35] following treatment with EB plus P4 and Ambrose et al. [36] following treatment with GnRH in normal breeding cows. Injection of GnRH induces release of FSH and LH from the pituitary; this results in ovulation and induction of new wave emergence 1-2 days later [35] . On the other hand, administration of EB plus P4 results in atresia of the dominant follicle followed by a new follicular wave at an interval of 4.3 days from treatment [22] . The mean intervals from treatment to a new follicular wave in this study were 4.4 and 2.6 days in the EB and GnRH groups, respectively. These results indicate that insertion of a CIDR and injection of EB plus P4 or GnRH in repeat breeder dairy cows can induce s y n c h r o n o u s f o l l i c u l a r w a v e e m e r g e n c e comparable to that observed in normal breeding cows. Despite the longer interval from treatment to a new follicular wave in the EB group compared with the GnRH group, the sizes of the dominant follicles on Day 7 did not differ between the groups. The duration of CIDR treatment was sufficient to allow growth of later emerging dominant follicles in the cows of the EB group such that the follicles were comparable to those in the GnRH group. Synchronous ovulation occurred within 53 h of the second EB injection and within 40 h of the second GnRH injection in the majority of cows in both groups. This is consistent with the results of previous studies [30, 33] . These results, along with the previous observations on follicular turnover and subsequent follicular development, indicate that treatment with EB plus P4 or with GnRH in CIDR-treated, repeat breeder dairy cows induces s y n c h r o n o u s f o l l i c u l a r w a v e e m e r g e n c e , subsequent timely follicular development, and following a second injection of EB or GnRH, synchronous ovulation comparable to that observed in normal breeding cows.
In conclusion, treatment with either EB or GnRH i n a C I D R -b a s e d T A I p r o t o c o l r e s u l t s i n synchronous follicular wave emergence, follicular development, synchronous ovulation after a second EB or GnRH injection, and similar pregnancy rates for TAI in repeat breeder cows. In practice, both types of CIDR-based TAI protocol, EB/P4+CIDR-PGF2α-EB and GnRH+CIDR-PGF2α-GnRH, effectively improve fertility through fine regulation of folliculogenesis and synchronous ovulation in repeat breeder cows, particularly in cows with a highly extended postpartum interval.
